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TOUCH DEVICE AND DETECTION METHOD 
THEREOF 

BACKGROUND 

0001. This application claims the benefit of China appli 
cation No. 2011 1 0157592.4, filed on Jun. 1, 2011. 

TECHNICAL FIELD 

0002 The present disclosure relates to an input device, 
and particularly, to a touch device and a detection method of 
the touch device. 

DISCUSSION OF RELATED ART 

0003 Touch devices have been in use for years. Typically, 
a touch device is composed of elements that determine a 
touch location on a substrate. There are a variety of touch 
technologies, such as resistive, infrared, Surface acoustic 
wave, pressure, and capacitive. 
0004. The main problem with conventional resistive touch 
devices is slow response. Moreover, a resistive touch screen 
includes a conductive film for being touched, but the conduc 
tive film wears down as a result of usage. 
0005 To overcome the shortages of the resistive touch 
technology, infrared touch devices include infrared transmit 
ters and receivers for detecting presence and location of a 
touch within the display Surface having no film material. 
When the touch surface is touched, light from the infrared 
transmitters to the receivers is blocked and this blockage is 
detected by a touch detection algorithm at the receiver. Infra 
red transmitters and receivers consume a lot of power making 
them less likely candidates for handheld and portable appli 
cations. 

0006 Capacitive touch devices include a glass material 
instead of a film material for being a touch Surface and the 
detection is based on capacitance changing locally with 
touch. While the above capacitive touch devices for detecting 
touch positions have been Successful and fast, they require 
costly processing of the Substrate with coating conductive 
material thereon and often need extra power consumption due 
to the coated conductive material. In other words, the above 
capacitive touch devices have a high manufacturing cost and 
excessive power consumption. 
0007 To overcome the shortages of the above conven 
tional touch device, a touch device utilizing acoustic waves to 
determine the touch location are presented. The touch device 
utilizing acoustic waves includes a Substrate and a plurality of 
ultrasonic sensors positioned around the Substrate for receiv 
ing acoustic waves of touches on the Substrate. The received 
signals are then combined together and used to indirectly 
estimate the position that was touched. In Such touch device, 
material of the Substrate is a raw piece of glass, saving much 
cost and power. 
0008. However, when the above touch device utilizing 
acoustic waves to detect a touch location from ultrasonic 
sensor readings, each measurement inherently has noise in it, 
and therefore there is a finite signal to noise ratio. Therefore, 
the estimation accuracy of the above touch device utilizing 
acoustic waves is decreased due to the finite signal to noise 
ratio. 

Dec. 6, 2012 

0009. Therefore, a new touch device is desired in order to 
overcome the above-described shortcomings. 

SUMMARY OF THE INVENTION 

0010. In one aspect, a touch device according to a pre 
ferred embodiment includes a plurality of sensors, a storage 
module, and a processing module. The sensors are placed on 
a Substrate for detecting acoustic waves and generating elec 
trical signals. The storage module stores a plurality of average 
delay measurements (known as a template of delay measure 
ments) for a plurality of locations on the substrate. The pro 
cessing module is coupled to the sensors and the storage 
module for calculating a received delay measurement and 
comparing the received delay measurement to the plurality of 
templates of delay measurement to estimate the touch loca 
tion on the substrate. 

0011. In another aspect, a touch device according to a 
preferred embodiment includes a plurality of sensors and a 
processing module. The sensors are placed on a substrate for 
detecting acoustic waves and converting the acoustic signals 
to electrical signals. The processing module receives the elec 
trical signals and stores a plurality of templates of delay 
measurement for a plurality of locations on the Substrate. 
Each template of delay measurement; corresponding to one 
location on the Substrate, is an average of multiple measure 
ments of the location on the Substrate. The processing module 
further calculates touch location by comparing the received 
delay measurement with the plurality of templates of delay 
measurement. 

0012. In another aspect, a detection method for a touch 
device according to a preferred embodiment includes: detect 
ing acoustic waves; converting the acoustic waves into elec 
trical signals; calculating a received delay measurement and 
comparing the received delay measurement to a plurality of 
templates of delay measurement for a plurality of locations on 
a substrate to determine touch location, wherein the plurality 
of templates of delay measurement are taken during a cali 
bration process, further wherein each template of delay mea 
Surement, corresponding to one location on the Substrate, is 
an average of multiple measurements of the location on the 
Substrate during the calibration process. 
0013. Other advantages and novel features will become 
more apparent from the following detailed description of 
various embodiments, when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 Components in the drawings are not necessarily 
drawn to scale, the emphasis instead being placed upon 
clearly illustrating the principles of the present disclosure. 
Moreover, in the drawings, like reference numerals designate 
corresponding parts throughout several views, and all the 
views are schematic. 

0015 FIG. 1 is a schematic top view of a touch device 
including a Substrate, a plurality of sensors, a storage module, 
and a processing module. 
0016 FIG. 2 is a schematic block diagram of the touch 
device shown in FIG. 1. 

0017 FIG. 3 is a schematic block diagram of the process 
ing module shown in FIG. 1. 
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0018 FIG. 4 is a flowchart of a detection method of the 
touch device shown in FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0019. The disclosure is illustrated by way of an example 
and not by way of limitation in the figures of the accompa 
nying drawings in which like references indicate similar ele 
ments. It should be noted that references to “an or 'one' 
embodiment in this disclosure are not necessarily to the same 
embodiment, and Such references mean at least one. 
0020 Referring to FIGS. 1 and 2, a touch device 100 in 
accordance with a preferred embodiment of the present dis 
closure is shown. The touch device 100 includes a substrate 
110, a first sensor 120, a second sensor 130, a third sensor 
140, a fourth sensor 150, a processing module 160, and a 
storage module 170. The substrate 110 is made of any mate 
rial that is capable of propagating bending waves, such that a 
touch on the Surface of the Substrate 110 can generates acous 
tic waves. In this embodiment, the substrate 110 is made of 
glass. The first sensor 120, the second sensor 130, the third 
sensor 140, and the fourth sensor 150 are placed on adjoining 
four corners of the substrate 110. The first sensor 120, the 
second sensor 130, the third sensor 140 and the fourth sensor 
150 detect acoustic waves generated on the substrate 110, and 
generate electrical signals according to received acoustic 
energy. The processing module 160 is connected to the first 
sensor 120, the second sensor 130, the third sensor 140 and 
the fourth sensor 150, and calculates a received delay mea 
Surement of a touch location P according to the electrical 
signals. The processing module 160 further compares the 
received delay measurement with a plurality of templates of 
delay measurement to estimate the touch location P on the 
substrate 110. The received delay measurement is a set of 
arrival time differences for the acoustic waves from the touch 
location P to the first sensor 120, the second sensor 130, the 
third sensor 140 and the fourth sensor 150. The storage mod 
ule 170, connected to the processing module 160, is config 
ured for storing a plurality oftemplates of delay measurement 
for a plurality of locations on the substrate 10. Each template 
of delay measurements, corresponding to one location on the 
substrate 10, is an average ofN measurements of the location 
obtained during a calibration process. 
0021 Referring to FIG. 3, in the illustrated embodiment, 
the processing module 160 includes an amplifier 161, a logic 
gate unit 162, a first timer 163, a second timer 164, a third 
timer 165, a fourth timer 166, and a controller chip 167. The 
electrical signals coming from the first sensor 120, the second 
sensor 130, the third sensor 140 and the fourth sensor 150 are 
amplified by the amplifier 161. Outputs from the amplifier 
161 are transmitted to the logic gate unit 162. Outputs of the 
logic gate unit 162 are applied to the first timer 163, the 
second timer 164, the third timer165 and the fourth timer 166 
to detect the time differences used for determining the touch 
location P. The first timer 163, the second timer 164, the third 
timer 165, and the fourth timer 166 are used to measure time 
differences between acoustic waves that arrive from the first 
sensor 120, the second sensor 130, the third sensor 140 and 
the fourth sensor 150 at different times. The controller chip 
167 is used to perforin calculations, which are communicated 
to the storage module 170. Coordinates of the touch location 
P are calculated by the controller chip 167 upon comparing 
the stored templates of delay measurement and the time dif 
ferences received from the timers. 
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0022. In another embodiment, the first timer 163, the sec 
ond timer 164, the third timer 165, and the fourth timer 166 
can be inside the controller chip 167. The controller chip 167 
can be any microcontroller that is capable of executing codes 
at a given speed, and capable of being incorporated into an 
application specific integrated circuit or into a field program 
mable gate array. Therefore, the amplifier 161, the logic gate 
unit 162, the first timer 163, the second tuner 164, the third 
timer 165, and the fourth timer 166 can also be omitted, and 
correspondingly, the electrical signals coming from the first 
sensor 120, the second sensor 130, the third sensor 140, and 
the fourth sensor 150 can be directly transmitted to the con 
troller chip 167. 
0023. When a user touches location P of the substrate 110, 
acoustic waves are generated from the location P. The first 
sensor 120, the second sensor 130, the sensor 140, and the 
fourth sensor 150 detect the generated acoustic waves from 
different locations, and transmit the respective electrical sig 
nals to the amplifier 161. The amplifier 161 amplifies the 
electrical signals, and applies the amplified electrical signals 
to the logic gate unit 162. Outputs of the logic gate unit 162 
are applied to the first timer 163, the second timer 164, the 
third timer 165, and the fourth timer 166 as trigger signals. In 
this way, whichever electrical signal arrives first at any one of 
the first timer 163, the second timer 164, the third timer 165, 
and the fourth timer 166, acts as the trigger to start all of the 
first timer 163, the second timer 164, the third timer 165, and 
the fourth timer 166. The first timer 163, the second timer 164, 
the third tinier 165, and the fourth timer 166 start counting 
upon an input electrical signal reaching a certain threshold 
level, and stop running when the other input electrical signals 
reach a certain threshold level. When all of the first timer 163, 
the second timer 164, the third timer 165, and the fourth timer 
166 stop, the time that they hold will be equivalent to the time 
difference of acoustic wave arrivals to different sensors. In 
other words, the time differences between the arrivals of two 
signals are measured by the first timer 163, the second timer 
164, the third timer 165, and the fourth timer 166 respectively. 
The received delay measurement composed of the time dif 
ferences measured between different sensors can be used to 
estimate the touch location P on the substrate 110. The con 
troller chip 167 compares the received delay measurement to 
the previously stored templates of delay measurement, and 
finds coordinates of the touch location P. 

0024. In this embodiment, each stored template of delay 
measurement is a set of four numbers, one for each sensor. For 
example, when the first sensor 120 firstly receives the acous 
tic waves from the touch location P, the received delay mea 
surement is (0, t2, t3, ta), wherein t2 represents time differ 
ence between the first sensor 120 and the second sensor 130, 
t3 represents time difference between the first sensor 120 and 
the third sensor 140, and ta represents time difference 
between the first sensor 120 and the fourth sensor 150. If the 
received delay measurement is Substantially the same as a 
template of delay measurement in the storage module, the 
touch location P will be declared as the location correspond 
ing to the template of delay measurement, or if the storage 
module has a template of delay measurement that is most 
similar to the received delay measurement, the touch location 
P will be declared as the location corresponding to the tem 
plate of delay measurement. 
0025. As each delay measurement has noise in it, there is 
a finite signal to noise ratio in the delay measurement impact 
ing the accuracy of templates of delay measurement. There 
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fore, a comparison error between the received delay measure 
ment and the template of delay measurement may be incurred 
during comparison process resulting in determination of 
accuracy of the touch location P, which in turn depends on 
accuracy of templates of delay measurement. However, each 
template of delay measurement of the disclosure is an average 
of multiple delay measurements, such that the signal to noise 
ratio increases by an average of n measurements based on the 
decrease in the noise, thereby improving the accuracy of 
templates of delay measurement. Accordingly, the estimation 
accuracy of the touch device 100 increases. 
0026. Furthermore, the touch device 100 detects the touch 
signal by the first sensor 120, the second sensor 130, the third 
sensor 140, and the fourth sensor 150, and therefore electrical 
material is not required in the substrate 110. Therefore, the 
touch device 100 does not require costly processing in the 
substrate 110 and extra power consumption due to the embed 
ded electrical material. 
0027. Referring to FIG. 4, a preferred embodiment of 
detection method of the touch device 100 includes the fol 
lowing steps. 
0028. In step S201, acoustic waves are detected when the 
substrate 110 is touched. In an embodiment, the touch loca 
tion P of the substrate 110 is touched during normal opera 
tion. The touch location P may be a virtual key of the touch 
device 100. 
0029. In step S202, the acoustic waves are converted into 
electrical signals. The first sensor 120, the second sensor 130, 
the third sensor 140, and the fourth sensor 150 detect the 
acoustic waves from the touch location P and generate elec 
trical signals according to the acoustic waves. 
0030. In step S203, a received delay measurement is cal 
culated according to the electrical signals. 
0031. In step S204, the received delay measurement is 
compared to a plurality of templates of delay measurement 
for a plurality of locations on the substrate 110 to determine or 
estimate the touch location P. In an embodiment, the arrival 
time differences of the touch location P between the first 
sensor 120, the second sensor 130, the third sensor 140, and 
the fourth sensor 150 are measured, and thus a delay mea 
Surement of the touch location is obtained according to the 
arrival time differences. 
0032. The templates of delay measurement of the plurality 
of locations on the substrate 110 are stored in the storage 
module 170 during the calibration process. The templates of 
delay measurement are measured by the following method. 
0033 Firstly, each location of the substrate 110 is touched 
N times, and the arrival time differences of acoustic waves of 
each location between the first sensor 120, the second sensor 
130, the third sensor 140 and the fourth sensor 150 are accord 
ingly measured each of those N times. In other words, the 
delay measurement of each location is independently mea 
sured N times. In one embodiment, N is equal to 50. In 
another embodiment, N is equal to 100. 
0034 Secondly, the delay measurements of N times of 
each location are averaged by the controller chip 167 of the 
processing module 160. 
0035 Finally, the averaged delay measurement of each 
location of the substrate 110 is defined as a template of delay 
measurement. The templates of delay measurement of the 
plurality of locations on the substrate 110 are stored in the 
storage module 170. 
0036. During the comparison process, the delay measure 
ment of the touch location may be substantially same as or 
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most similar to one of the templates of delay measurement. 
The touch location is estimated based on the comparison 
result. If the delay measurement of the touch location is 
Substantially the same as or most similar to a template of 
delay measurement, the touch location P will be declared as 
the location corresponding to the template of delay measure 
ment. 

0037. It should be noted that the templates of delay mea 
Surements are measured in a calibration process. During the 
calibration process, a tester touches a same location on the 
substrate 110 N times. This is accomplished by a quick cali 
bration process either during manufacturing or when the 
touch device is set up by the user. 
0038. It is to be understood that the number of sensors can 
also be more than four on other preferred embodiments. The 
first sensor 120, the second sensor 130, the sensor 140, and 
the fourth sensor 150 can also be placed on four sides of the 
substrate 110, such as the adjoining four corners of the sub 
strate 100. The storage module 170 can also be omitted, and 
correspondingly, the templates of delay measurement can be 
stored in the processing module 160. 
0039 Finally, while various embodiments have been 
described and illustrated, the invention is not to be construed 
as being limited thereto. Various modifications can be made to 
the embodiments by those skilled in the art without departing 
from the true spirit and scope of the invention as defined by 
the appended claims. 

What is claimed is: 
1. A touch device, comprising: 
a plurality of sensors placed on a Substrate for detecting 

acoustic waves and generating electrical signals; 
a storage module for storing a plurality of templates of 

delay measurement for a plurality of locations on the 
Substrate; and 

a processing module coupled to the plurality of sensors and 
to the storage module for calculating a received delay 
measurement and comparing the received delay mea 
surement with the plurality of templates of delay mea 
Surement to estimate touch location on the Substrate. 

2. The touch device of claim 1, wherein the plurality of 
sensors are placed on adjoining four corners of the Substrate. 

3. The touch device of claim 1, wherein the substrate is 
made of glass. 

4. The touch device of claim 1, wherein the processing 
module comprises an amplifier. 

5. The touch device of claim 1, wherein the processing 
module comprises a plurality of timers. 

6. The touch device of claim 5, wherein the processing 
module further comprises a logic gate unit interconnecting 
the plurality of timers and the amplifier. 

7. The touch device of claim 1, wherein the processing 
module further comprises a controller chip performing the 
comparison of the received delay measurement with the plu 
rality oftemplates of delay measurement, further wherein the 
controller chip communicates with the storage module. 

8. The touch device of claim 1, wherein when the received 
delay measurement is substantially same as a template of 
delay measurement in the storage module, the touch location 
will be declared as location corresponding to the template of 
delay measurement. 

9. The touch device of claim 1, wherein when the storage 
module has a template of delay measurement that is most 
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similar to the received delay measurement, the touch location 
will be declared as location corresponding to the template of 
delay measurement. 

10. The touch device of claim 1, wherein each template of 
delay measurement, corresponding to one location on the 
Substrate, is an average of multiple measurements of the 
location on the Substrate during calibration process. 

11. A touch device; comprising: 
a plurality of sensors placed on a Substrate for detecting 

acoustic waves and converting the acoustic signals to 
electrical signals; 

a processing module receiving the electrical signals and 
storing a plurality oftemplates of delay measurement for 
a plurality of locations on the Substrate, wherein each 
template of delay measurement corresponding to one 
location on the Substrate is an average of multiple mea 
surements of the location on the substrate, wherein the 
processing module calculates a touch location by com 
paring received delay measurement to the plurality of 
templates of delay measurement. 

12. The touch device of claim 11, wherein the sensors are 
placed on adjoining four corners of the Substrate. 

13. The touch device of claim 11, wherein the substrate is 
made of glass. 

14. The touch device of claim 11, wherein the processing 
module comprises an amplifier. 

15. The touch device of claim 11, wherein the processing 
module further comprises a plurality of timers. 

16. The touch device of claim 15, wherein the processing 
module further comprises a logic gate unit interconnecting 
the plurality of timers and the amplifier. 

17. The touch device of claim 16, wherein the processing 
module further comprises a controller chip. 

18. The touch device of claim 11, wherein when the 
received delay measurement is Substantially same as a tem 
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plate of delay measurement in the storage module, the touch 
location will be declared as location corresponding to the 
template of delay measurement. 

19. The touch device of claim 11, wherein when the pro 
cessing module has a template of delay measurement that is 
most similar to the received delay measurement, the touch 
location will be declared as location corresponding to the 
template of delay measurement. 

20. The touch device of claim 11, wherein the touch loca 
tion is calculated by means of calculating the received delay 
measurement according to the electrical signals. 

21. A detection method of a touch device, comprising: 
detecting acoustic waves; 
converting the acoustic waves to electrical signals; 
calculating a received delay measurement; and 
comparing the received delay measurement to a plurality of 

templates of delay measurement for plurality of loca 
tions on a Substrate to determine the touch location, 
wherein the plurality oftemplates of delay measurement 
were taken during a calibration process, further wherein 
each template of delay measurement, corresponding to 
one location on the Substrate, is an average of multiple 
measurements of the location on the Substrate during the 
calibration process. 

22. The detection method of a touch device of claim 21, 
wherein when the received delay measurement is substan 
tially same as a template of delay measurement in the storage 
module, the touch location will be declared as location cor 
responding to the template of delay measurement. 

23. The detection method of a touch device of claim 21, 
wherein when the storage module has a template of delay 
measurement that is most similar to the received delay mea 
surement, the touch location will be declared as location 
corresponding to the template of delay measurement. 
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